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SUMMARY

H. Liechtenstein,
Williams

A modelwith separablewing and tailassemblywas oscillatedin
roll through a rangeof frequenciesand amplitudesof oscillationfor
an angleof attackof 0° and at one fYequencyand amplitudefor two
higheranglesof attackin orderto determinethe effectsof the unsteady
motionon the rollingstabilityderivativesof the mdel and its
components.

A variationof frequencyor amplitudeof oscillationin the range
coveredat an angleof attackof 0° had no importsnteffecton either.the
yawingmomentdue to rollingor the dampingin roll for thisunswept-
wing airplaneconfiguration”.The onlyappreciablevalueof yawing
momentdue to rollingwas shownby the fuselage-tailcombination.This
configurationexperienceda reductionin magnitudeof the derivativeas
eitherthe frequencyor the amplitudeof the oscillationincreased. .

The valuesof the rolMng derivativesobtainedby oscillationwere
consistentwith the valuesmeasuredby meansof conventionalrolling-
flowtestsat an sngleof attackof 0°. For the modelwith the wing at
a high angleof attack,the oscillatoryyawingmoiuentdue to rolling
was differentfromthat obtainedundersteady-stateconditions.

INTRODUCTION

As part of a continuinginvestigationof the effectsof unsteady
motionon the lateralstabilityderivativesof airplanemodels,tests
were made in the Langleystabilitytunnelat low speedsto determinethe
effectsof freqyencyand amplitudeon the yawingmomentdue to rollinn
and the dsmpingin roll for an unswept-wingairplanemodel. Thesetests,
whichwerepreliminaryin nature,involvedthe forcedoscillationin
roll of the modelaboutits longitudinalwind sxis througha rangeof

I
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2 NACATN 3554

frequenciesand amplitudesof motion. The resul% obtainedwere pri-
marilyfor an singleof attackof OO; however,someresultsfor higher
anglesof attacksre presented. Steady-statederivativeswere measured
by meansof testsmadewith the mcdel stationaryin rollingflowand
with the modelrollingsteadilyat severalrotaryvelocitiesin straight
flow. Thesesteadyresultsare regardedas zero-fkequencyoscillation
data and formthe basisfor a comparisonof the unsteady-stateand the
steady-staterollingderivatives.Theoreticalvaluesfor the steady-
staterollingderivativeswere alsoused for comparisonwith the
experimentaldata.

The modelused in thesetestshad a wing of aspectratio 6 sad a
tail assenibly,eitherof which couldbe separatedfromthe fuselage.
Testswere conductedfor the fuselagealone,iPorthe wing-offconfig-
uration,for the tail-offconfiguration,and for the completemcdel.
The contributionof the verticaltail to the dampingin yaw of a model
of similarconfigurationmeasuredduringfree oscillationin yaw is
reportedin reference1 and duringforcedoscillationin yaw in
reference2.

The data
sentedin the

.
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SYMMLS

-.

are referredto the stibiliw systemof axesand me pre-
form of coefficientsof the forcesand momentsabouta

pointwhich correspondsto the normallocationof the quarter-chord
pointof the wing mean aerodynamicchordof the tideltested. (See
fig.1.) The coefficientsand symbolsused hereinare definedas ‘
follows:

~2
A aspectratio,

.

5

b Wing Spanj ft”

%
dm.g coefficient,*

% lift coefficient,*
.

Cz rolling-momentcoefficient,—
&
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Cn

.
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pitching-moment

●

coefficient,-K
(J3E

yawing-moment

~np vertical-tail

Ncoefficient,—
(@b

incrementto ~p,

Cnp (forfuselage + tall) - Cnp (forfuselage)

% lateral-forcecoefficient,~
(@

acy

()ag.
c chord,ft

E mean aerodynamic

f frequency,cps

I

chord,ft

‘x rollingmomentof inertia,slug-ft2

%2. productof inertia,slug-ft2

L rollingmoment,ft-lb

M pitchingmoment,ft-lb

._ _. —._ .L _.. . -
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N mm moment,ft-lb

~ -c pressure, $V2, lb/sqft

s wingaxea, sq ft .

t time, sec

v free-streamvelocity,f%/sec

Y lateralforce,lb

X,Y,Z systemof stabiH~ axes, (fig.1)

a angleof attack,deg

A taperratio

P mass densi~ of air, slugs/cu

9 angleof roll,deg or radians

a.= 2Ycf

Subscripts:

w wing

t verticaltail

o amplitude

ft
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AI?HmTus

Model
.

In orderthatthe inertiain roll.be keptas low as possible,the
model,shownin figure2, was constructedof spruce-reinforcedbslsa
wood. The inertiaof the completemodelaboutits longitudinalaxis
was O.011slug-ft2.The wing of the modelwas essentiallyunswept,had
an aspectratioof 6, a taperratioof 0.5, and was constructedwith an
NACA65-I.I.O(a= 1.0) airfoilsection. The modelcomponentswere made
separableto allowtestingof each of four configurations- a fusekge
alone,a-fuselageand wing,a fuselageand tailassembly,W the com-
pletemodel. The tailassemblyincludedboth verticaland horizontal
tails,shownin figure2, whichwere not separable.A photographof the
model-inthe test sectionis shownas figure3.

For the oscillation
the modelwas mountedon

M.@elSupportSystem

testsand a portionof the steady-statetests,
a two-compon~ntstrain-gagebal&ce at the -——

quarter-chordpointof the wing m&&L aerodynamicchord. The balancewas
attachedto the end of the curvedmodel-sqportstingshownin figure3.
As the angleof attackof the model changed,the strain-gagebslance
remainedfixedwith respectto the longitudinalwind axis so that the
momentswere measuredwith respectto the stabili~ (or,for thesetests,
the wind) systemof axes.

The model-supportstingrotatedin two bearinghousingssupported
by a rigidV-shapedstrutmountedon the tunnelwall insidethe test
section(fig.4(a)). For the steady-staterolling-flowtests,the model
was mountedon a single-struts~port attachedto a mechanicalsix-
componentbalancesystem.

OscillationApparatus

The modelwas oscillatedfor a rau&~’ofamplitudesand flreqpencies
by the equipmentshownin the photographsof figure4. A motor-generator
set suppliedWect currentfor a one-horsepowermotorwhichturneda
flywheelthroughsuitablereduc-tiongesring. The motorand flywheel
were mountedon the tunnelwall-eutsidethe 6-foot-diemetercircular
test sectionof the Langleystabili~ tunnelas shownin figurek(b).

Sinusoidalmotionwas generatedby meansof a crankattachedeccen-
tricald.yto the flywheeland was transmittedto the modelsuppmt sting
througha push rod. A slide-wireroll-positionindicatorwas mounted

—— . -——.——— .— —— —---- ——
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6 NACATN 3554

on the upstreambearinghousingof the modelsupportstrutwith the
rotatingelementfixedon the shaftof the model supportsting. The
positionindicatorwas coveredby the fairingshownin figure5; this
photographshowsa typicalmotionof the modelduringoscillation.The
amplitudeof the rollingmotionwas variedby adjustingthe eccentricity
of the crankat the flywheel. The frequencyof oscillationwas varied
by a speedcontrolthatregulatedthe voltageto the drivingmotor.

For thosetestsin whichthe modelwas forcedto roll steadily,the
crankmechanismwas replaced.bya V-beltand pulleysystemwith one pulley
at the centerof the f~wheel and the otherat the model support. (See
fig. 6.) Ming thesetests,it was necessaryto balancethe system
aboutits axis of rotationby meansof the counterweightshownin figure6.

In orderto eliminatethe use of slipringsin the steady-ro~ing
testsof the model,the strain-gagewires (fig.6) were extendeddown-
streamabout~ feetwheretheywere tiedto a lengthof shockchord
beforebeingled outsidethe test section. The remainingend of the
shockchordwas tiedto a downstreamtunnelsupport. As the sting
revolvedand the strain-gagewirestwisted,the shockchordstretched
to keepthe tensionin the wires small. The wireswere disconnected
&om the stingand uncoiledbeforethe subsequenttestrun.

.

The entireoscillationa~atus was constructedand supportedso
as to be rigidand builtto closetolerancesin orderto minimizelost
motionand low-frequencyvibrationswhich couldbe transmittedto the
recordhg apparatus.

During a test
tion,a continuous

Recordingof Data

run at a constantamplitudeand frequencyof oscilla-
and simultaneousoscillographrecordwas made of the

yawingmomentand the rollingmoment,measuredby the strain-gagebalance,
and of the displacementin roll of the model,measuredby the roll-
positionindicator.The oscil.1.ographalso supplieda continuoustime
record. Sometypicaltracesare shownin figure7.

For thosesteady-statetestsduringwhichthe modelwas sting-
supported,the datawere recordedin the samemanner. When the model
was strut-supported,forcesand momentswere recordedby the mechanical.
balance.

.—-.. —-— —— —- .. ——.. -
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TESTS

TestMethods

This investigationinvolvedthe oscillationof a modelin roll in
orderto determinethe unsteadyderivativesCnp aud Czp for the com-

pletemodeland its componentparts. Variablesfor theseoscillation
testsincludedangleof attack,fYequencyof oscillation,and the smpli-
tude of the rollingmotion. As a basisfor comparisonwith the unsteady
derivatives,

c%
and C

%
w=e alsomeasuredundersteady-statecondi-

tions. One seriesof thesesteady-statetestsconsistedof rollingthe
modelat constantangularvelocityin a straightairstream;the other
steady-statetestsinvolvedrollingthe air flowpast the stationery
model. In the lattermethod,momentswere measuredbothby the strain-
gagebalancewhilethe modelwas supportedas in the oscillationtests
and by a mechanicalsix-componentwind-tunnelbalancewhilethe model
was mountedon a single-strutsupport. The secondof theseis the stand-
ard procedureemployedin the Langleystabilitytunnelfor measuringthe
rolling-stabilityderivativesof modelsand is describedin reference3.

Test Conditions

All testswere conductedat a dynamicpressureof 24.9poundsper
sqparefootwhich correspondsto a free-streamvelocityof 145 feetper
second(understandardconditions),a Reynoldsnuniberof 442,000based
on the wing mean aerodynamicchord,and a Mach nuxriberof 0.13. The model
was testedat anglesof attackof Oo, 4°, and 8° by both the oscillation
and the steady-statetestprocedures;however,becausethe reductionof
the oscillographdataprovedto be an extremelylaboriousprocess,it
was deemedadvisableto restrictthe scopeof the investigationto the
followingrepresentativecases:

The

rangeof

commonly

a, deg f, Cps $., deg

o o.5to 4.0 ?5
1 *5 to tio

O, 4)0and 8 1 $5

frequenciesof the oscillationtestswere chosenso thatthe

the reduced-frequencyparameter @ encompassedthe range
2V

encounteredin the lateraloscillationsof airpbnes. This

. . -.. ——.—.. _ —— —-- —-—--- - -
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parametervariedfrom ~ = 0.030 to ~ = 0.243. The actualfiequen.

ties of oscillationwere 0.5, 1.0,1.5, 2.0, 3.0, and 4.0 cyclesper
second. The largeamplitudesof oscillationwere chosenpurposel.yto
insurethat the yawingmomentwouldbe of measurablemagnitude. These
amplitudeswere Ho, tlOO,t15°,and ii?(l”.

For the testsin whichthe mciielwas rolledat constentvelocity,
the circularvelocitieswere 0, tO.50,M.75, and fl.00revolutionsper

= of 0, -K).030, to.046, anati.061.secondwhich correspondto valuesof
2V

For thosetestsin whichthe modelwas stationarywhilethe .air-

streauwas @srted a rollipgveloci~, the valuesof pb~ were 0.057,

0.029, 0.008, 0, -o.025, -’--0~~43, and -0.065 in the case of the sting-
mountedmodeland 0, W.023, fo.046,and tO.063in the caseof the strut-
mountedmodel.

The followingmodel configurationswere teited: fuselage,wing,
and tail (designatedFWT),fuselageand wing (designatedE’W),fuselage
and tail (designatedl?l),and fuselage(designatedF).

.

REDUCTIONOF DATA .

The equationsof equilibriumof rollingand yawingmomentsfor a
modelmountedon a strain-gagebalanceand havinga motionaboutits
roll axis sre

and

where L and N are the momentsmeasuredby the strain-gagebalance.
Sincefor thishermonicmotion

—— —-— .—-. . . -.. -.-——- .— .
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then,at the timewhen ~= O,

j = .Q&231f

Therefore

(lT)@=o= I@”

—
2V

or

(N)jj.-..-.
%p=-— —

fip;b2 @of

Similsrly,for the dWP* in roll,

2 (L)~o
c3p=-_—

tipVSb2@of

‘d @&=o sxe,respectively,the yawingmoment

and the rolld.ngmomentmeas~ed when @ = O. Thesemomentswere read
fromthe recordedoscillationdata for each of five cyclesof oscilla-
tion for each frequencyand amplitudecondition.The averagereading
was thenused to computethe derivatives%

and Ctp from the
e~ressions givenabove.

For the steady-stateroUi,ngresults,the momentdatawere plotted

against *. The slopesof Cn and CZ with respectto ~ yielded

the eqerimental.valuesof C and C
% %“

=TS AND DISCUSSION

Wesentation of Results

The lift,drag,and pitching-momentdata for the modeland its
componentpartsas determinedfor the investigationof reference1 are
reproducedin figure8. The oscillatoryderivatives (&P and Czp

/
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10 mcll TN 3554

eze shownin figures9 and 10, respectively,togetherwith the steady-
statederivativesobtainedwith tha sting-mountedmodelin rolllng-flow
tests. The steady-statederivativesare presentedfor referenceas zero-
frequencyvaluesin figures9(a)and 10(a),and as zero-emplitudevalues
in figures9(b)and lo(b). The latteris a matterof conveniencebecause,
strictlyspeaking,steady-staterollingdoesnot, of course,correspond
to a zero-amplitudemotion.

FigureU representsthe variationwith fregpencyand amplitudeof
the vertical-tailcontributionto ~p at u = 0°, obtainedfromthe

data of figure9, both in the presenceand in the absenceof the wing.
An indicationof the probableerrorof the mean valuesof someof the
oscillationdatafromwhich figure9 was preparedis givenin figure12.

The rollingderivativesmqasuredby threetechniquesare compared
in figure13. Thesemethodsincludeoscillationat constantfrequency
and amplitude,roUhg the air flowwith constantangularvelocity(con-
ventionalrolling-flowtechnique),and rollingthe modelwith constant
~ veloci~. The two lattermethods,of course,yield steady-state
results. The rolMng-flow resultsin figure13 includethosefor the
modelmountedon the stingswpportused for the oscillationtestsas
well as thosefor the modelmouutedon the conventionalsupportstrut.

Discussion

Yawing moment due to rolling.-For the model configurationsother
than the fuselageand tail, ~p is smsll,generddy negative,and

showsno consistenteffector frequencyor emplitudeat an angleof
attackof 0° (fig.9). The valuesof C% for the fuselageand tail,

whichare the onlyvaluesof any appreciablemagnitude,in genereltend
to becomesomewhatsmalleras eitherthe frequencyor smplitudeincreases.
The factthatthesechangesin

%
with eitherfrequencyor amplitude

are of the sameorderof magnitudemightbe expectedbecausethe magni-
tude of the rolling velocity PO is the samefar correspondingpoints

alongthe curvesof figures9(a)and 9(b). It was shownin the section
entitled“Reductionof Data”that the maximumrollingvelocitydepends
on the product @of. Figures9(a)and 9(b)are, then,the variations
Of Cnp with the magnitudeof rollingvelocityas well as with the fac-

tors of smplitudeand frequencyof oscillationwhichdeterminethe rolling
velocity. Thesefiguresindicatethat the effectivenessof the vertical
tail of the fuselage-tailconibinationin proiucing Cnm decreasessome-

=
‘Ob iS increased.what as its angleof attackdue to rolling ~

-..
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The largestvalueof Cnp shownin figure9 was contributedby

the verticaltail of the fuselage-tailccmibination.The additionof the
wing,however,reducedthisvertical-tailcontributionto a smallvalue.
Thiswing-interferenceeffecthas alsobeen observedin previousrolling-
flowexperiments.The fact that thisreductionin C% is causedby

wing interferenceratherthanby the ~p contributionof the wing

itselfis seenby comparingthe data for the fuselagealoneand for the
fuselage-wingconfiguration;the wing itselfcontributesonlya smaLl

%
negativevalueto . Ih the presenceof thewing, however,the

loadingon the verticaltail.due to rollingis effectivelyovercomeby
an oppositeloadingdue to sidewashfrom the rollingwing as discussed
in reference4.

In orderof magnitude,valuesof Cnp obtainedl%om oscillation

testsagreeverywell,with one exception,with the steady-statevalues
obtainedin rollingflowat an angleof attackof OO. The exception
occurredfor the completemodel for whicha smallpositive Cnp WaS

measuredin rollingflowwhereasthe oscillatoryvalueswere also small
but negative(fig.9(a)). These-rolling-flowresultswere for the model
supportedon the oscillationstingin the samemanneras it was for the
oscillationtests.

Increasingthe angleof attackof the modelfromOO to 8° at 1 cycle
per secondreducedthe largevalueof

c%
for the fuselageand tail

by about70 percent(fig.9(c)). No particul= effectof angleof attack
was shown,however,on the rathersmallvaluesof Cnp exhibitedbythe

otherconfigurations.

The incrementsin ~p contributedby the tailboth in the pres-

enceand in the absenceof the wing are shownin figureU. togetherwith
steady-statevaluescalculatedfor the tail. The tail-alonevalueof
Cnp was calculatedfromthe data of reference5. This valueis expected

to be scmewhatlargefor a tail surfacebecausethe loadingsgivenin
reference5 are for one semispanof a completerollingwing and contain
someload carriedoverfromthe othersemispan. The presenceof the
wing was takeninto comiderationby usingthe methodpresentedin ref-
erence4 to estimatethe sidewashat the tail due to the ~ load. The
estimatedreduction

enceof the wing is
AISO shownClear~,
Cnp resultingfrom

oscild.ation.

in

in
in
an

the tail contributionto C% due to-thepres-

goodagreementtith the experimentalresults.
figure-n.,is the overallreductionto the tail
increasein eitherfrequencyor amplitudeof

. . .—- --.—— -- -- .—.— . . .—— — —. .—.—— ——— — .-
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Dampingin roll.- The resultsshownin figure10 indicatethat at
an angleof attackof 0° thereexe no importanteffectsof unsteady
motionon the daqing h rold-for the unswept-wingmodeltested. The
valuesof Clp obtainedby oscillationaxe consistentwith thoseobtained

by rolllmgfluwwith the model supportedon the oscillationsting. The
wing itseld’~~uced the largestincrementof Clp. The presenceof

the wing reducedthe contributionof.thetailto Ctp ,asit did for

%P, but this effectis insi@ficant becauseof the

ness of the tail contributionto Czp.

An estimateof the steady-statecontributionof
to C2P msy be made by methodssimilarto thosefor

bution. Sucha calculationpredictsa valueof LCzp

compsxativesmsU-

the verticsltail ~
the C% contri-

= -0.044 for the

tdl in the absenceof the wing and a valueof CClp= -0.027 for the

tail in the presenceof the @z@. Thesevaluesare inagreamentwith
the incrementswhich cambe obtainedfromfigure10.

An increasein angleof attackfromOO to 8° reducedthe damping
in roll of the wing by a considerableamount(fig.1O(C)). Thisreduc-
tion in Czp is roughlyproportionalto the changein the wing lift-

curvesiopebetweentheseangles. (Seefig. 8.)

On the qualityof the oscillationdata.- In orderto recordthe
smaU yawingmomentsdue to rolling,it was necessarythat the sensi-
tivi~ of the strain-gageyawing-momentbeambe ccmparativel.yhigh.
This high sensitivityresultedin a naturaltrequencyin yaw of the
orderof 20 cyclesper secondfor the straingagewith modelattached.
Becausethe modelwas excitedby wind-tunnelturbulenceor by unsteady
vortexflow off the model,the oscillographrecordsshowa tracewith
a frequencyof 20 cyclesper seconddue to thesedisturbancessuperim-
posed on the lowerfrequencytracedue to the forcedoscillation.(See
fig.7.) At an angleof attackof 0°, the superimposednoisehad an
amplitudecomparablein magnitudeto the smp~tude of the oscillatory
momentand it was very regularovera longperiodof time. It was not
difficult,therefore,becauseof thisregulari~, to eliminatethe
high-frequ&mynoiseby fairingthe.traceas shownin figure7.

In figure12, the probableerrorof the arithmeticmean of the
testpointsis sh&n
sentedin figure9.
test valuesof C

9
Sincea largenuniber

for two of the modelconfigurationsthatare pre-
This errorrepresentsthe uncertaintyin the average
whichresultsfromthe fairingprocedurefollowed.

of datapointsfor each frequencyand amplitude

,

D

.- .- —.
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conditionwere
believedto be

13

averaged,the resultingdatapresentedin figure9 are
fairlyreliable.

As the angleof attackof the modelwas increasedto 80, the ampli-
~udesof the l$gh~fit?~uencynoisegrewlargerand had lessuniformi~
thanat a= . Theseeffectsmade the fairingof the yawing-
momenttracesomewhatmoreuncertainand probablyreduceto someextent
the reliabi~ty of the high-angle-of-attackdata. At a . 80, the wing
was partially stalledand thereappesredto be considerablebuffeting
of the @&l.

For the rolling-momenttrace,theseproblemswere of less concern.‘
The sensitivityof the straingage in rollwas only10 percentof its
sensitivityin yaw; as a result,the superimposednoisewas of much
higherfreqpencyand of much smalleramplitudest@n that for the corre-
spondingyawing-momenttiaceas sh~_ti_f igure7..-.Although-the-nofse
againassumedgreateramplitudesand lessuniformim at a = 8°, in
general,the oscillatoryvaluesof Czp are consideredto be reliable
for ti anglesof attack.

Comparisonof resultsobtainedby differenttechniques.-A compari-
son of the oscillatoryderivatives(for f = 1 cps and
the steady-statederivativesmeasuredby two methods(r
rollingmodel)is shownin figure13. In general,thesetwo steady-
statetechniquesgiveapproximatelythe samevaluesof

%
and Clp

at a= 0°, with the exceptionof a differencein C% for the models

with the wing. This differencemy be due in“partto differencesin
suppmt-strutinterference.Althoughthe previousdiscussionhas shown
that,for a = Oo, frequencyeffectswere smell.,the differencein ~

at a= 8° betweenthe steady-stateand the oscillationresultsmsy
indicatelargeeffectsof frequencyat the high anglesof attack. A
previousinvestigation(ref.6) has shownthat,for wingsfor which
partialseparationhas occurredduringunsteadymotion,an aerodynamic
lag w existwhich contributesto the momentsactingon the wing. Such
an aerodynamiclag ~ causethe rolling-stabili@ derivativeseitherof
the wing itselfor of the tail or fuselagein the presence
to,be markedlydifferentfromthe steady-statederivatives
ot attack.

CONCLUSIONS

An unswept-wingmodel,whichwas tested-asa fuselage

of the wing
at high angles

alone, a
fuselage-tail-conibi&vtion,-a fuselage-wingccmibi-hation,&d a c&uplete
configuration,was oscillatedin roll througha rangeof frequencies
and amplitudesof oscillationto determinethe effectsof unsteady
motionon the rolling-stabilityderivativesof the modeland its com-
ponentschieflyat an angleof attackof 0°. The resultsof this
investigationindicatethe followingconclusions:

—.... —.—.-.—.. ———.. .——-. . ——— —.. .. —- .— .--— —— —- —— .——--
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1. The onlymodel configurationwhich exhibitedyawingmomentdue
to rollingof any appreciablemagnitudewas the fuselage-tailconibina-
tion. For this configuration,an increasein eitherfrequencycm aqp-
litudeat an angleof attackof 0° resultedin a smallreductionin the
magnitudeof the derivative;for the otherconfigurationstested,yawing
momentdue to rollingwas smalland showedno importanteffectof fre-
quencyor amplitude.The largeyawingmomentdue to rollingof the
fuselage-tailconibinationwas reducedto a smallvaluein the presence
of the wing. Thiswing-interferenceeffecton the tail contributionto
the derivativecanbe accuratelyestimatedby meansof existingsteady-
statetheory.

2. FYequencyor amplitudehad no noticeableeffecton the magnitude
of the dampingin rolJ for the modelor any of its componentsat an
angleof attackof 0°.

3. The rollingderivativesof the modeland its componentsmeasured
by the oscilllationtestswere generaldyconsistentat low anglesof
attackwith the derivativesmeasuredby steady-statetests. At a high
angleof attackthe oscillatoryyawingmomentdue to rollingfor the
modelwith the wing was differentfromthat obtaineduudersteady-state
conditions.

LangleyAeronauticalLaborat~,
NationalAdvisoryCommitteeforAeronautics,

_ey Field,Vs., October19, 1955.

..— _
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Figure4.- Oscillationa~aratuet
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(b) a = 4°; #o = ~5°.

(C) a = 8°; @o = t15°.
\

Figure7.- Sampleoscillogrtiphrecordsfor threeamglesof attack.
W+ F+ Tjf=lcps.
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Figure9.- The effectsof frequency,amplitude,and angleof attackon “
the yawingmomentdue to ro12ing. RolMng-flowresultsare for model
mountedon stingsupport.
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Figure10.- The effectsof frequency,amplitude,and sngleof attackon
the dampingin roll. Rolling-flowresultsare for modelmountedon
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